We estimate the number and ratio of negative homothetic copies of a d-dimensional convex body C sufficient for the covering of C. If the number of those copies is not very large, then our estimates are better than recent estimates of Rogers and Zong. Particular attention is paid to the 2-dimensional case. It is proved that every planar convex body can be covered by two copies of ratio − 4 3 (this ratio cannot be lessened if C is a triangle). . The present paper establishes a few additional estimates about covering by negative copies. We also consider covering by negative and positive homothetic copies.
Proof. Let P denote a parallelotope of the smallest possible volume containing C. We do not make our considerations narrower by assuming that P = I d (if P = I d , then we take an affine transformation τ such that τ (P ) = I d and we consider the body C = τ (C) instead of C). We apply the Lemma. For each j ∈ {1, . . . , k}, take the numbers |r j | . Hence for every j ∈ {1, . . . , k}, the set r j S j is a translate of B j . Thus B j is a homothetic copy of S j , where the ratio of the corresponding homothety h j is equal to r j . Since S j ⊂ C ⊂ P for j = 1 . . . , k, we conclude that C can be covered by homothetic copies
The earlier mentioned covering by one copy of ratio −d follows immediately from Theorem 1 by taking k = 1 and
Consider two special cases of Theorem 1. Just put k = 2 q , where q ∈ {1, . . . , d}, and 
homothetic copies of C with ratio λ cover
If the number of equal negative homothetic copies is not very large, then the estimates (1) and (2) are better than the estimate
a special case of the formula (6) from the paper of Rogers and Zong [11] . It is easy to check that the estimates (1) and (2) remain better than (3), asymptotically as d → ∞, for a polynomial number of negative covering copies. In other words, for −λ of order log d. A calculation shows that if λ is sufficiently small and if d ≤ 8, then (2) should be applied for obtaining better estimates than (3), and if d ≥ 9, then (1) should be applied for this purpose.
Here is also a comparison of (2) with (3) for d = 3. By (2), every 3-dimensional convex body can be covered by 14 3 = 2744 homothetic copies of ratio −
In order to apply Theorem 1, we will dissect the cube 
From the equalities at the beginning of the proof we see that the sum of the lengths of the independent edges of each box is
Thus from Theorem 1 we obtain the claim of Corollary 3.
In particular, when all the copies in Corollary 3 are positive, we obtain an estimate for the well known problem of Hadwiger [5] which asks if every convex body C ⊂ E d can be covered by 2 d smaller positive homothetic copies. For d = 3 we know only some estimates of the number of those copies C, see [7] , [8] and [11] . For d ≥ 3 the estimate of the number of copies of positive ratio smaller than 1 presented in Corollary 3 is better than the estimate from [7] , but for d = 3 it is weaker than that from [8] , and for d ≥ 6 it is weaker than the estimate [2] , [11] and [13] . Thus here we get the best estimates 257 in E 4 and 3126 in E 5 . The advantage of the estimate of Corollary 3 is that we have a universal ratio of homothety. Remember that such estimates with a universal homothety ratio were known only for d ≤ 3: Every 2-dimensional convex body can be covered by 4 copies of ratio √ 2/2 (see [6] ), and every 3-dimensional convex body can be covered by 24 copies of a universal positive ratio smaller than 1 (see [8] ).
Covering a two-dimensional body.
Observe that every positive integer n can be represented either in the form n = m 2 + k, where m and k are positive integers such that 0 ≤ k ≤ m − 1, or in the form n = m(m + 1) + k, where m and k are positive integers such that 0 ≤ k ≤ m.
Corollary 4. Every convex body in E 2 can be covered by n homothetic copies of ratio
and of ratio We conjecture that a covering by 5 copies of ratio − 2 3 is always possible (this value cannot be improved for a triangle). Better estimates than corresponding estimates for n = 2, 3 and 4 are obtained in [3] and [9] . They are − √ 2 for 2 copies, −1 for 3 copies (this ratio cannot be improved, as the example of a triangle shows), and less than −1 for 4 copies. Recall the conjecture from [9] that every planar convex body can be covered by 4 copies of ratio − 4 5 . Below we present improvements of the estimates for covering by 2 and by 7 negative copies. The example of a triangle shows that the following estimate − 4 3 for covering by two copies is the best possible. Let us add that the estimate was conjectured in [9] . Proof. Let C ⊂ E 2 be a convex body. Let cde be a triangle contained in C with the greatest possible area. In order to simplify further computations, we will make some convenient assumptions. Since the affine image of this triangle is a triangle of maximum area in the corresponding transformed body, we loose no generality in assuming that c = c (−1, 0), d = d(1, 0) , e = e(0, 1). As usual, the numbers in brackets denote the coordinates of a given point. The triangle with vertices t 1 (0, −1), t 2 (2, 1), t 3 (−2, 1), contains C (see Fig. 2 ). The reason is that the vertices of the triangle cde are in the sides of the triangle t 1 t 2 t 3 which has parallel sides (thus a point of C outside t 1 t 2 t 3 would permit the construction of a triangle of a greater area in C). Denote by o the centroid of the triangle cde . Let p 1 , p 2 , p 3 be the boundary points of C on the segments ot 1 , ot 2 , ot 3 , respectively. Without loss of generality we can also assume that |ot 3 In order to shorten further explanations, we introduce the following notation. A homothetic copy of a set with the homothety ratio − 4 3 will be called a copy. We say that a point is on the left (on the right) of a non-horizontal line L if its first coordinate is not greater (not smaller) than the first coordinate of the corresponding point of L on the same horizontal level. If a point is denoted by a symbol, then its first and second coordinates are denoted by x and y with just this symbol as the index. Denote by C 1 , C 2 and C 3 those parts of C whose points (x, y) fulfill the inequalities y ≤ can be covered by one copy of the triangle cde. Thus C 1 can be covered by a copy of C. In order to prove that another copy of C is able to cover C 2 ∪ C 3 , it is sufficient to show that C 2 ∪C 3 can be covered by a copy of the trapezoid cdba, where a(x a , 
Any desired number of those copies can be exchanged for copies with ratio of the opposite sign.

Theorem 2. Every convex body C ⊂ E 2 can be covered by two homothetic copies of ratio −
Denote by α the angle ∠acd and let β = 180 o − ∠cdb. We can assume that α ≥ β. The reason is that if α < β and if C 3 is not a subset of T , then the convexity of C implies that a ∈ T , a contradiction to the inclusion
Take the point r(x r , 1) on the straight line through a and c. Since α ≥ β, in order to show the inclusion C 3 ⊂ T , it is sufficient to show that x r ≥ x d (see Fig. 2 ). The rest of Case 1 is devoted to this aim.
We omit an elementary calculation which gives x m ≤ 
